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ThisAnvention relates te .the production .ofan 
improvedsynthetic.rubber. In,one embodiment, 
.the invention relates te the :production. ï a. syn- 
thetic rubber having-a, high resistance te failure 
in use due.te physical causes. 
Increasing,interest has,.been., shown in elas- 
,tomers: which are. adaptable.for low.temperature 
atplicati0ns, ..such as ïor .use. under arctic con- 
diSions,, ,Sy.nthetic ubber. suoh as GR-S is.not 
entirely satisfactory for such uses since..if be- 
cornes brittle at low temperatures and natural 
rubber also bas dr«:wbïcks since if undergoes 
crystallization whemexposed te low.temperatures 
fbr. pr.61onged: p er:iode.. 
,:eïhave,now.discovered that p01ymers .Of cer- 
tain specïb..,mUlticomponent monomeric ma- 
teils lïave improved, proper, ties,, and excellent 
processing characteristics. These polymers are 
pr0duced by, the polymerization of monomeric 
mateials which are mixtures Of :four, .or,more, 
polymerizable organic .c--ompounds, particulrly 
mixtures ..of dienes..In..,some .instances the 
monomeric nls:teril, :cern :aise contin vinyl;aro- 
mtic compounds, such .as.Strene:ndvaious 
stibstituted styrenes,,and the like. Theze.çpoly- 
mers frommùlticomponentmonomeric mafeialS 
are particularly suitable for low temperture:ap- 
plictions- sine-e-they, net .only .have:low.: freezing 
pots but»are .amorphous .in nature,,and:there - 
.fore.,do:not,have any tendency .te undergo,crys- 
tallization. In -adtlition :tU. their properties 
which make them,par£icularly adaptable for low 
temPeraturework;thesep0lymers.:show -excellent 
tersile sength, elongation, 'hygteresis,, nï2flex 
lïfë'properties. 
The oïect 0ftlais inveritïon-is o produce .a 
synthetic,mïbber°tiav'mg.good physicalproperties. 
An0ther objec-of this invention :ia'toprdUce 
a .synthetic rubher whicla-is suitablè '-for "use .at 
extremèlylow"temperátures. 
A further object of this invention is toproduce 
.a:':synthetic, Tubber having a good flex life and a 
low,,lysteresis. 
F.urther. objects and advantages of ,this.-inven- 
tion will become apparent, te those skilled,.inthe 
ar,. from the accompanying disclosure:and,-:dis- 
ctlssion. 
,T, he ,poeess<0f. =this-invention, :and the, syn- 
thetic r.ubber polymer produced theby,,is :based 
lpon our discovery that by polymerlzing a,mono- 
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meric, material comprising at least four different 
conjugated .liolefinhydrocarbonsin pproximate- 
1.yequal..propor£ions, the resultingpolymer bas 
unique, proper£ies. Te obtin best results the 
..5 polymerization shoull be-conducted .at as low .a 
polmerization .£emperature as, possible, ,pefer- 
ably below- 0?,C. Ont experience in.p01ymeriz- 
ing a .wiie ,variety of .monomeric ms:terialii'fora 
those composed of a single ingredient and 'tlae 
l0 conventional butadiene-styene mixture through 
complex.monomeric._materials such ,as. discussed 
herein in,detail,..indicates tht the,temperature Of 
polymerization ïs more important, as 'te tlïe 
.physical. properties of the polymer, than the 
15 speciï2c .recipe employed. Thety, pe ofcatalyst- 
activator sytem, and the .temperature, primarIly 
influence the p0!ymerization'rae whatever the 
composition, of the monomeric material 'used, 
while, tShySicaLprperties of'tle polYmer are: in- 
0 fiuenced by composition o%he monomeric 
teriland by:polymerization emlerture. 'For 
oriinary-uzes of synthetic rubber,-more-.fav0r- 
able :physiclproperties result :frein ,low  poly- 
merization temperatures. :L'  cormection v¢ith 
 the presentïnvention, -theimproved product can 
result'from so-called bulk, or-homogenous pSly 
merization; uing, such- aplYmerizien eatalyst 
as flnèly-:divided sodium-or p0tssium;-and.can 
also result: from i01ymerization Of the mono- 
0 raeric mïterial: while' disporsed :in- ,an immïsCible 
liquidusuïlly-'an-aqueous medium using: any:one 
of  a ,number of polymerization Tecipes. Since 
faster polymeriztion rates «reusuälly 0btined; 
at tow -temperatures, ,witti .ttie latter tYPe 
35 processthis, is :the-.one :,whiCh/will te primarily 
considereï2:incormection,.with=the:resent.inven. 
tion. One type of recipe which is usuall.y :pre- 
ferred;is:gs,'follows: 
Pars by. weight 
40 Monomeric, materiai: .............. ÏO0 
Aqueous,lhase .................... '50 to275 
Emùlsiïying agent ................. 1 
M0tliying :a'gent ................... :'.005 : .:2 
Cátatys- : comlaogition ............... 0.1 
The::oatalyzt, composition/or  catalyst-acttvtor 
system,, can ,te an: 'one which will ,gi,¢e a satis- 
factory-p'olymerization rate,a-t .the .temperature 
chosen. Preferred :catalystcompositions,inilude: 
$0 a combination of an organic ,hydroperoxlde and 
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a reactant, such as (1) a combination of a reduc- 
ing sugar (or the like) and a salt of iron or 
similar heavy metal, (2) a ferrous pyrophosphate 
complex, alone or with such a reducing com- 
pound, (3) a polyamino compound (such as tetra- 
ethylenepentamine, and the like), etc.; or a di- 
azothioether, either alone as discussed in leynolds 
and Cotten application Serial No. 641,866, filed 
January 17, 1946, now Patent2,501,692, issued 
March 28, 1950, or in combination with a ïerri- 
cyanide and a .mercaptan, as discussed by Kolt- 
hoff and Dale in Journal of Polymer Science, vol. 
3,400-409 (1948). 
When using such a recipe, it is generally pre- 
ïerred that the emulsion be oï an "off in *water" 
type, with the ratio of aqueous medium to mono- 
meric matelial between about 0.5:1 and about 
2.75:1, in parts by weight. It is ïrequently de- 
sirable to include water-soluble components in 
the aqueous phase, particularly when the poly- 
merization temperatures are below ïreezing. 
organic salts and alcohols can be so used. 
cohols which are applicable, when operating at 
low temperatures, comprise water-soluble com- 
pounds oï both the monohydric and polyhydric 
types, and include methyl alcohol, ethylene glycol, 
glycerine, erythritol, and the like. çhe amount 
of alcoholic ingredient used in a polymerization 
recipe must be suiïïcient fo prevent freezing oï 
the aqueous phase and generally ranges ïrom 20 
to 80 parts per 100 parts of monomers charged. 
In most cases the amount of water employed is 
sufllcient to make the total quantity of the al- 
cohol-water mixture equal 150 fo 200 parts. In 
cases where it is desired to use a larger cuantity 
of the alcohol-water mixture, say around 250 
parts, the amount oï alco.hol may be increased to 
as .much as 120 parts. It is preferred that the 
alcohol be such that it is substantially insoluble 
in the non-aqueous phase, and that 90 per cent 
or more, of the alcohol present be in the aqueous 
phase. A high-bofling alcohol such as glycerine 
is difficult to recover from the resulting serum; a 
low-boiling alcohol such as methanol is easily re- 
moved and frequently preïerred. Other aliphatic 
alcohols which are higher-boiling than methanol, 
such. as propanol, however, are ïrequently less 
satisfactory. Iï the resulting latex tends to gel 
at low reaction tempeiatuies, a laiger proportion 
oï aqueous phase should be used. In the practice 
oï the invention suitable means will be necessary 
fo establish and maintain an emulsion and to re- 
move reaction heat to maintain a desired reac- 
tion temperature. The polymerization rnay be 
conducted in. batches, semicontinuously, or con- 
tinuously. The total pressure on the reactants 
is preferably at least as great s the total vapor 
pressure oï the mixture, so that the initial reac- 
tants will be present in liquid phase. Usually 50 
to 98 per cent oï the monomeric material is poly- 
merized. 
The monomeric material employed in connec- 
tion with the present invention is a mixture of 
approximately equal proportions by weight oï at 
least four conjugated diolefm hydrocarbons se- 
lected ïrom the group consisting of 1,3-buta- 
diene, isoprene (2-methyl-l,3-butadiene) piper 
ylene (1,3-pentadiene), methylpentadiene (a 
term considered to be generic to the various 
methyl-l,3-pentadienes, and mixtures thereoï), 
and dimethylbutadiene (2,3-dimethyl-l,3-buta- 
diene). The reactive components of the mono- 
meric material should comprise ai least 90 per 
cent of such a mixture. 

The tendency to crystallize or to become brit 
tle when subjected to low temperatures makes 
many elastomers unsatisïactory ïor certain ap- 
plications. The polymers oï this invention, pro- 
5 duced ïrom at least ïour polymerizable materi- 
als, aie amorphous in character and are there- 
ïore superior to natural rubber and synthetic 
elastomers such as conventional butadiene-sty- 
rene copolymers, Ïor low temperature uses. 
l0 While this invention is not dependent upon any 
explanation oï the structure oï the polymers or 
the ïact that they do not undergo crystallization, 
it is geneially assumed that, in the polymeriza- 
tion of butadiene with other comonomers, the co- 
15 monomer molecules attach themselves randomly 
to the growing polymer chain. This irregular ar- 
rangement in the structure oï the polymer mole- 
cule. would tend to destroy crystallinity. Hence, 
the regions adjacent to the comonomer residues 
20 appear to beregions in which crystallinity would 
be inhibited. Other things being equal, the more 
comonomer residues per butadiene residue in the 
copolymer chain, the less the tendency ïor the 
copolymer to crystallize regardless oï the nature 
25 of the comonomer molecules. The low freezing 
points oï the multicomponent polymers is prob- 
ably explained by the presence oï the several 
polymerizable materials which serve as freezing 
point depressants on each other. 
30 Advantages oï this invention are illustrated by 
the ïollowing examples. The reactants, and their 
proportions, and the other specific ingredients of 
the recipes are presented as being typical and 
should not be construed fo limit the invention 
35 unduly. 
Example I 
A copolymer was prepared at --10 ° C. accord- 
ing to the ïollÇwing recipe, charging a mono- 
40 meric material consisting of equal parts by weight 
of 1,3-butadiene, trans-l,3-pentadiene, isoprene, 
and 2-methyl-l,3-pentadiene. 
Parts by weight 
45 Monomeric material .................. 100 
Water ............................... 126 
Glycerin ............................. 66 
Potassium laurate (95% neutralized) ___ 5.0 
Cumene hydroperoxide ................. 0.495 
50 Mercaptan Blend 1 .................... 0.05 
Activator composition, 28 volumes con- 
taining: 
FeSO4.7H20 ......... : ............ 0.62 
Na4P2OT.10I-IO ................... 1.40 
55  A blend of eriary C, C, nd C aliphaic mercap- 
tans in a ratio of 3 : 1 : 1 paris by weight. 
The preparation of the activator was effected by 
heating, a mixture of 2.2 parts by weight 
FeSO4.THO and 5.0 parts Na4POT.10HO in sur- 
60 ficient water to make 100 volumes at .60 ° C. for 
40 minutes. Polymerization was carried out in 
the usual mariner. A conversion of 56 per cent 
was attained in 48 hours. 
The polymer was compounded according to the 
65 following recipe: 
Parts by weight 
Elastomer ............................. 100 
Furnace ,black ......................... 50 
70 Zinc oxide ............................ 3 
Aspha!t soïtener ....................... 6 
Snifur ................................ 1.75 
N-cyclohexyl-2 -benzothiazolesulïenamide_ 0.8 
Stearic acid  .......................... 2 
75 
 Omied for control. 
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R'awMboney; MLL ..........  ............. 
Comp011ndêd Mooney, Ifiç%-i ............ 
Strsin prorties,at80 .: 
3000du = _  ...................... 
Te ................. ' .......  ........ 
Elongafion, Per cen .................... 
Stressstra propertiés at '0F (4'mUte, 
ce): 
Tefie .................................. 
Elongation, Per cent :: 
Unaged: 
ystrA% ?F ....................... 
Resiënce  .P e cent : _ =:: ............... 
to fle .............................. 
Brittle pot ............................ 
Oven-aged 24 hoursat'212OF.: 
Hteris, AT, °F ...................... 
Reenoe, er cent ..................... 
Flex lire at 210°F., thoun of flexur  
to ilure .............................. 

, 33{  1 
,; 800 2, 950 
510. 410 
. lfi0: 1,200 
30G 240 
57.0 71.2 
67. 5 61.6 
15.8 8.1 
--63 --63 
53.2 61.7 
70.2 68.8 
6.8' I 4.5 

The  extr'ely, low_ hystesis coupled withihigh 

6 
were comp0unded.:  The.: polymertZti)n reglpe, 
used: in preparing :thepolymers:was; as f010ws. 

: P.arts by weiht 
Monomeric materiaL .................... I00:: 
Water.: _ ............................. 
GlYcerin. ................................. 66 : 
Potassium aurate (95%ïneutrlized) ___ 5 o 
C12--C14"--16 alkyt :mercaptan.blend: ....... 005: 
FeSO«.I-O:i!_ .............................. 0,62 
Na4P2OT.10HO':_ ....................... 
DlisopropylbCzenehydropeoxide-,.: ...... 044Z 

15 

Thep01ymers;. and natural rubber,, werecom'. 
pounded using the following recites in': _lar,t,by, 
weight. 

Rtbber: S smplo «  ............ 
2 

Fmaeo=blek,=. ............ 
ZincOxide ................ 
Asphalt S5ftener ............ 
St'arie:Aeid_ ................. 
Sulfurl ....................... 
Acelei'tr_. ___  ....... i ___ 
°5 Additional:Jntioxidgn  ..... 

.nd B  G  
50',: 50 
6 6' 
2 0 
07- 
0 0 

. 50: i 50 50 
3  3 4 
 6 " 6 10 
0: / 2, 3 
L75 1:75. 2.5 
0.7 .'0:8 0:4 
0' : 0' li'5 

when. these.material, Were so compoundëd,. 
and .cured. and .testëd in: the. standard.maner« 
the resul.sh0wn.in the accompanying £ablë were 
obained.. The. table also :presents thë. comp 
sifions :0£the.v.ari0us:monomerid materlals ........ 

ssmple No .......................... 

Monomeric Matemih 
Butdiene ...................... 
Piperylene ...................... 
Isopreno ........................ 
MethFl pentadiene ............. 
Styreno ......................... 
Conversion: 
Hours ....................... 
Per Cet .................... 
Properties of Rubber: 
Raw Mooney, ML4 ............. 
Compounded gample Unged: 
Mooney Mg 1 ............ 
Stress-gtrain at 80 ° F.: 
300 Modulus .......... 
Tensile ................. 
Elongstion, per cent .... 
Hysteresis AT, °F .......... 
Flex lire st 210 ° F ........... 
(thousads of flexures to 
failure) 
Oven Aged 24 hours at 212  le.: 
Hysteresis, AT, F .......... 
Flox llfo st 210 ° F ........... 
(thousands of flexures to 
filure) 

RubberTested . 
Polymer 
A 

25 
25 
25 
25 
0 
10. 8 
60.2 
47 
40, 
1, 370 I 
2 960 , 
520 
60.2 
10.7 

57. 5 
7.8 

B C D 
25 70 100 
25 0 0 
25 0 0 
25 0 0 
0 30 0 
69 47 ....... 
37 0 54 
1.330 1,560 1,790 
2, 800 3, 590 2, 380 
510 570 370 
57.0 69.3 66.9 
15.8 40.8 2.2 
53.2 61. 2 55.1 
6.3 4.6 0.1 

Naturel 
E 
70 ......... 
0 ......... 
16 ......... 
62 ......... 
82 75 
68. 5 35. 3 
....... 1, 390 
1, 700 3, 340 
300 535 
75. 3 50. 5 
O. 5 200 
68.2 50.5 
0.1 12.5 

lïex lire, and also the very low compounded It is to be noted that samples A and B have 
Mooney value show the superiority of the four- superior ex lire, especially after aging, and low 
comportent polymer over the conrol. This poly- 65 hysteresis, both of which are desired properttes. 

mer had better dynamic properties than the con- 
trol at --48 ° C. and did not exhibit the undesir- 
able properties of natural rubber. 
Exa, mpe II 
A number oI polymers were produced Irom 
several monomeric materials, at a polymerization 
temperature oI --10 ° C., and resulting polymers 

Example 111 

A synthetic rubber was prepared from a mono- 
70 meric material comprlsing a mixture of buta- 
diene, isoprene, piperylene, methyl pentadiene, 
2,3-dimethyl butadiene and styrene wih the 
components being present in a 19/19/19/19/19/5 
weight ratio, except that 0.25 part mercaptan 

and a sample of smoked sheet (natural rubber) 75 blend was used instead of 0.05 part. A conversion 
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of 48.1 per cent was obtained in 23.5 hours. The 
polymer was compounded as in the preceding ex- 
amples and cured at 307 ° P. as before. A sam- 
pie of this polymer was subjected to low tem- 
peratures together with samples of GR--S and 
natural rubber. The GR--S sample froze at 
--55 ° C. and the natural rubber at --65 ° C., while 
the multicompenent polymer remained amor- 
phous under the same conditions. 
As will be evident to those skilled in the art, 
various modifications of this invention can be 
made, or followed, in the light of the foregoing 
disclosure and discussion, without departing from 
the spirit or scope of the disclosure or from the 
scope of the claims. 
We claim: 
1. A process for producing an improved syn- 
thetic rubber, which comprises pelymerizing an 
aqueous dispersion of a hydrocarbon monomeric 
material comprising at least 90 per cent by weight 
of equal parts by weight of at least four mem- 
bers selected from the group consisting of buta- 
diene, isoprene, piperylene, methylpentadiene, 
and dimethylbutadiene, at a polymerization tem- 
perature below 0 ° C., and recovering a pelymeric 
material so producced. 
2. An improved synthetic rubber comprising a 
hydrocarbon copelymer of at least 90 per cent 
by weight of equal parts by weight of at least 
four members selected from the group consist 
ing of 1,3-butadiene, isoprene, piperylene, meth- 
ylpentadiene, and dimethylbutadiene, and which 
when compeunded and vulcanized with carbon 
black and sulfur has a lower hysteresis, a greater 
flex lire after aging, and a lower MS 1 /2 Mooney 
viscosity than a synthetic rubber copelymer pre- 
pared under the same conditions from 70 parts 

8 
butadiene and 30 parts styrene, by weight, which 
has been similarly compeunded and vulcanized. 
3. A process for producing an improved syn- 
thetic rubber, which comprises polymerlzing an 
,5 aqueous dispersion of a hydrocarbon monomeric 
material consisting of equal parts by weight of 
butadiene, isoprene, piperylene, and methyl- 
pentadiene at a polymerization temperature be- 
low 0 ° C., and recovering a polymeric material 
10 so produced. 
4. An improved synthetic rubber comprising a 
hydrocarbon copelymer of equal parts by weight 
of butadiene, isoprene, piperylene, and methyl- 
pendiene, and which when compeunded and 
15 vulcanized with carbon black and sulfur has a 
lower hysteresis, a greater flex lire after aging, 
and a lower MS 1/2 Mooney viscosity than a 
synthetc rubber copelymer prepared under the 
same conditions from 7O parts butadiene and 30 
20 parts styrene, by weight, which has been simi- 
larly compeunded and vulcanized. 
V¢ILLIAM B. REYNOLDS. 
CHARLES P'. FRYLING. 
25 
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